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COMPLETE SPECIFICATION 

Improvements in or relating to Nitrite Rubber Compositions and to Accessories 
manufactured therefrom for Electric Cables 

We Pirj-lli Socicta P*fc Azkto. a Com- which have practically no detrimental effect 

pany incorporated under the laws gf Italy, of on. the .dielectric ^y?^^.^^™^ 

vjale Abruizi 94. Milan, Italy, do hereby latfflg oils. .that IS on the driecuic losses, and 

declare the invention, for which we pray that on the values of the spcofic electrical msu- 

5 a Patent may be granted to us, and the lation of such oils. ov 

method bv which it Is to be performed, to be Technological difficulties . arc encounten^ 

pffi^ that the yuleoni^ble 

statement'"— nitrile rubber composition should be easily 

This invention relates to nitrile rubber mouldafale or extradaUe and that the vul- _ 

10 compositions and to accessories wanufac- cancaKS should have bnttd liardncss Id5^ 

tured therefrom for cas-pressure or oil-filled fact Jt is tvell known that nitrite rubbers have 

electric cables insulated with paper impreg- a high nerve or snap which hinders, and tn 

natcd wiih mineral oils or with viscous or some cases absolutely preycntt,_ ob^inmg 

non-draining compounds having a basis or moulded or extruded products having regular 


SPECIFICATTOW NO. S0Q.7gg 

Rag* 1. line B2 # for * teacn* rtad "reach". 

Fag* S, Xlne 30 r for "insulation* read • insula ting". 

Page 3. line 4S» for "Specification* read 'Specific', 
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limited hardness- However, great importance 
h attached to this class of elastomers, both on 
account of the greater thermal stability of the 
vulcaniealcs in an environment devoid of 

40 oxycen (as generally happens in the practical 
use thereof), and because of their lesser 
tendency to contatninate the insulating aits, 
Al the present time it is possible to oblam. 
bv suitable formulation, accessories having a 

45 nitrile rubber base which arc resilient and 


DB 1(H>0Q/2(11)/37S0 ISO 3/53 R 


tertorates until its dielectric power factor may 
teach a value of 0*2 and over, whilst the 
specific insulation value of ihe said ail, 
measured at 100°C may ftiU to 1/100, 1/1000, 
and less, or its normal value. So 

U has also been ascertained that some 
plastkizers, of the ester type* such as tri- 
crcsyJphosphate and dioctylphtJialale, when 
added directly lo a mineral oil as used in 
cables, also increase its dielectric power factor 90 
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COMPLETE SPECIFICATION 

Improvements in or relating to Nitrile Rubber Compositions and to Accessories 
manufactured therefrom for Electric Cables 


Wc t Pirelli Societa Per azidnl, a Com- 
pany Incorporated under (he laws of Italy, of 
Viale Abruzzi 94, Milan, Italy, do hereby 
declare the invention, for which we pray that 
S a Patent may be granted io us, and the 
method by which it is Io be performed, to be 
particularly described in and by the following 
statement:— 
This inventidn" relates to nitrite rubber 

to compositions and to accessories manufac- 
tured therefrom for gas-pressure or oil-filled 
electric cables insulated with paper impreg- 
nated with mineral oils or with viscous or 
non-draining compounds having a has is of 

15 mineral oils. In the manufacture of said 
cables it is frequently necessary to use gloves, 
lubes, packings and other accessories made of 
a. sufficiently resilient material which with- 
stands the swelling action of mineral oils and 

20 does not impair by contamination the good 
intrinsic dielectric properties of the oils with 
which the said accessories come into contact. 

For this purpose there are commonly 
employed vulcanizates, which are obtained in 

25 various shapes by moulding or extrusion, 
based on polymerized chloroprene or nitrile 
rubber. In modern techniques there is an 
ever-Increasing tendency to eliminate the use 
of polymerized ehloroprcne, because its 

30 vulcanizates contaminate the insulating oils 
with which they come into contact to a rela- 
tively high degree. 

On the other hand, by using vulcanizates 
based on nitrile rubber it is very difficult to 

35 obtain products having good flexibility and 
limited hardness. However, great importance 
is attached to this class of elastomers, both on 
account of ihe greater thermal stability of the 
vuteaxijzates In an crrvjronmcnt devoid of 

40 oxygen (as generally happens in the practical 
use thereof), and because of their lesser 
tendency to contaminate the insulating oils. 

At the present time it is passible to obtain, 
by suitable formulation, accessories having a 

45 nitrile rubber base which are resilient and 


which have practically no detrimental effect 
on the dielectric characteristics or the insu- 
lating oils, that is on the dielectric losses and 
on the values of the spechlc electrical insu- 
lation of such oils. 50 

Technological difficulties are encountered 
when it is required that the vttlcanizable 
nitrile . rubber composition . should, be. .easily 
uioDldahle or extmdable and that the vul- 
canizates should have a limited hardness. In 55 
feet it is well known that nitrile rubbers have 
a high nerve or snap which hinders, and in 
some cases absolutely prevents, obtaining 
moulded or extruded products having regular 
and perfect shapes. It is possible to neutralise 60 
the said elastomer nerve by means of suitable 
fillers, hut this results in vulcanizates of a high 
degree of hfl rdness (70*80 Shore). The simul- 
taneous employment of suitable plastldzers 
and fillers enables perfect products to be 65 
obtained, namely extruded products with, a 
smooth surface and having stable shapes and 
moulded products of complicated shapes, 
which are devoid of faults. However, all the. 
usual plasiicizerfi heretofore employed which 70 
are compatible with nitrile rubbers in the 
proportions adapted to produce & limited 
hardness in the vulcanizates are at least 
partially extracted by the cable insulating' 
oils with which they come into contact 75 
causing a deterioration in the electrical 
properties of the oils. Thus for example an 
insulating oft. which normally shows a 
dielectric power factor (tan a) of the order of 
0.0005-0.0009 at 100 b C, continually de-80 
terioraies until its dielectric power factor may 
teach a valne of 0*2 and over, whilst the 
specific insulation value of the said oil 
measured at 100°C may fall to 1/100, 1/1000, 
and less, of its normal value. 85 

It has also been ascertained that some 
plasiicizers, of the ester type, such as tri- 
cresylnhosphatc and dioctyfphthalate, when 
added directly to a mineral oil as used in 
cables, also Increase its dielectric power factor 90 
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although to a smaller extent [from two to 
five rimes). Their behaviour is much worse 
when thty art added to the composition 
constituting the vulcanizatea which comes 
5 into contact with the insulating oil* probably 
owing lo interaction with the ingredients 
which, it is necessary to incorporate in the 
composition in order to obtain proper 
vulcanization; : 

The object of the present invention is to 
enable accessories for electric cables of the 
kind above mentkined to be made of nitrite 
rubber vulcani2atcs having suitable mechani- 

IS oal properties, for example hardness of the 
order of 40-70 Store, tensile strength about 
\ kft-/sq.mm., elongation at breaJt of the 
order of 400-500 per cent., permanent set of 
the order of 5 per cent, when tested in 

20 accordance with A.SXM. standards, and 
lew thermopiastKity. Other objects of the 
invention are to provide vulcantates with 
good technological properties, such as the 
easy processing of the uncured compound* 

25 which are suitable for the production of 
extruded ..articles- haying . a smooth surface, 
which possessl according to requirements* 
good insulating or electrically conducting 
properties, and which above all are resistant 

30 to the swelling action of the insulation oils 
and do not affect the said oils by contanuna^ 
lion. 


For this purpsoe the vulcanizabie eompo- 
35 5ition according to the present invention 
comprises a solid butadtene-acrylon itnie 
copolymer of normal molecular weight, a 
liquid plasticizer consisting of a btitndtene- 
acrylonitrile copolymer of low molecular 
Ai } weight defined by a Viscosity ranging between 
10.000 and 3,000,000 CCAlipoises fcP) mea- 
sured at 30 e C, and additive materials 
comprising the usual vulcanizing andanti- 
oxidizing agents, a filler or tillers and an 
4 ^ anti-adhesive agent said additive materials 
being such as not to contaminate insulating 
oils with which the said composition may 
come into contact or cause undue deteriora- 
tion in the dielectric properties of said 
&i oils. As examples of the solid butadiene- 
acrylonittile copolymer of normal molecular 
weight ihcTe may be instanced the com- 
pounds known commercially under the 
various trade names M Hycar OR 15." 
55 to Hvcar OR 25;* M Paracril » and " Pcrbu- 
nan^ and as an example of the liquid 
bmadiene^acrylonUrile copolymer of low 
molecular weight there may be mentioned the 
compound known commercially under the 
60 trade name "Hycar 1312/* The words 
* Hycar," "Paracril" and " Perbunan H just 
mentioned and also, in the cose of " Hycar," 
referred to hereinafter in the specification, are 
Registered Trade Marks. The quantity by 
455 weight of the liquid butadiene-acrylonitrile 


copolymer of low molecular weight to that 
of the solid butadiene-acrylonrtrile copolymer 
of normal molecular weight in the vulcani- 
zabie composition may. vary from about 5 to 
50 per cent* the former percentage giving a 70 
degree of hardness of about 70 Shore ! and the 
latter percentage giving a degree of hardness 
of about 40 Shore of the vulcanrate. 

The solid butadiene-acrylonitrile elastomer 75 
of normal molecular weight serves to Impart 
to the vulcanizatc those mechanical properties 
which it would not be possible to obtain by 
the use only of the liquid elastomer of low 
molecular weight On the other hand, the 80 
latter facilitates the processing of the un- 
cored compound, even though ii is suitable 
for obtaining vutennizates of normal hard- 
ness (70-75 Shore). 

85 

With the mixture of the two elastomers 
there are also incorporated as above men- 
tioned all the other ingredients which arc 
necessary both for carrying out the vulcaniza- 
tion and Tor obtaining the mechanical 90 

properties which are desired and which are. . _ 

obtainable drily by the addition of fillers. 
Thus, Tor example, lite addition of a non- 
staining carbon black of the " Furnace/ T 
"Channel" or "Thermal" typejn suitable OS 
proportions permits I he obtaining of ex- 
truded articles having a smooth surface, such 
as tubes* gloves, packings and rods. Good 
vutcanizing agents are sulphur and tetra- 
methylthiuram disulphidc. Generally, the 100 
addition of zinc oxide or other activators is 
necessary in order to carry out a proper 
vulcanization, and the use of suitable anti- 
oxidants, such as phenyl beta-naphihylainme, 
is also advisable. For technological reasons 105 
it is also rwcessary to use a very small 
quantity of an anti-adhesive agent such as 
stearic or palmitic arid, the anti-adhesive 
Agent employed being a substance which 
prevents sticking of the nncured compound no 
to the walls of the mould during the vulcani- 
zation and to the roils of the mixer or other 
device during the mixing of the various 
ingredients for the preparation of the 
volesmizabte composition. Where stearic 115 
or palmitic arid is used the amount thereof is 
preferably of the order of about 0,1 to 0.2 
per cent, by weight and should not exceed 
about 3 per cent by weight of the total 
weight of the vulcanizabie composition so as 1 20 
to ensure, that the final vulcanizate obtained 
will nol swell under the action of mineral 
oils with which it may come Into contact or 
cause undue deterioration, by contamination* 
in tlic dielectric properties of the said oils. 125 

One composition of a vulcanizablc com- 
pound suitable for the extrusion and moulding 
of accessories of complex shape, having a 
Shore hardness of the order of 55-57, Is given 
hereunder merely by way of example:— i$0 
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Example of compost non of the compound 5 grams of this compound in the form of ft 

parts sheet I mm. thick, after vulcanization^ were 

by placed in contact for 48 hours with 95 grams 25 

Wright of a good cable insulating oil at 8 tempemiurc 

5 Solid Biiiailienc-acfylonitrib copi* of S0*C, Subsequently the oil was removed 

lymtForhbrmal njoleciilar weight from the vulcanized sheet and both the 

tHycar OR 15 Easy Process) 480 dielectric power factor^ (tan fc) and the 

Liquid Bulatiiene-acrylonitrfle copo- specific electrical insulation yatoe expressed 30 

lymer of low molecular weight in Megohm cm. Were determined an it, 

10 (Hycar 1312) 130 In the following Table there are given the 

Zinc oxide 50 characteristic values thus obtained (test A) 

Carbon black, " Fine Furnace •* in comparison with those determined on the 

lype . . 325 same oil, after analogous thermal trcaiment, 35 

Stearic act J 1 without placing it in contact with a vulcanized 

15 Teiramethylthiuram disulphide . . 10 sheet of the said compound (blank test) and 

Sulphur 2 with those similarly obtained (test B) by the 

Phenyl t*ta-naphthyiamine > . 2 same treatment in the presence of an anaio- 

gous vulcanized sheet of compound plasti-40 

Total 1000 cized with a plasticteer of the ester type 

20 —«* already known as being one of the less 

The vulcanization conditions of the above harmfnl electrically xn connection with the 

compound were 30 minutes at 143°C effects of oil contamination, 

45 ' Dielectric power factor Specification insulation 45 

(wji fc) in Megohm cm. 10 s 

at 10Q*C. of 60°C at JOO'C. at 80 6 C 

Blank test 0.0009 0.0006 7000 2B000 

Test A 0\0015 0.0001 1700 5000 

SuTestB v,- -v. w- 0.027 0.016 84 130 50 

The great advantage obtained by em- 3. A vulcanizabk composition according 

ploying the vuleanizable composition accord- to Claim 1 or 2. in which the vulcanizing 

rng to the present invention for maintaining agents employed are sulphtr and tetramethyl- 

the optimum intrinsic electrical properties of thfuram di sulphide, and zinc oxide is used as 

55 the insulating oils employed in the manu- the activator. -90 
facture of electric cables insulated with paper 4* A vuleanizable composition according 

impregnated with mineral oils is therefore to Claim 1, 2 or 3* in which phenyi-beia- 

ckaiiy apparent from the above Table. naphthylamuie is employed as the anti- 
oxidant incorporated in the composition. 

60 WHAT WE CLAIM IS : — 5. A vuleanizable composition according 95 

1. A vuleanizable composition comprising to Claim I. 2, 3 or 4, in which the antU 
a solid butndiene-Qcrylonitrile copolymer of adhesive agent incorporated in the compos i- 
normak molecular weight, a liquid plaslicwer tion is stearic acid in an amount not exceeding 
consisting of a butadiene-aervlonitrile copo- 3 per cent, by weight, and preferably of the 

65 lymer of low molecular weight defined by a order of about 0J to 0*2 per cent, by weight, too 

viscosity ranging between 1 0,000 and 3,000,000 Of the total weight of the vuleanizable 

centipoiw (cP) measured at 30*C.« and composition. 

additive materials comprising the usual 6". A vuleanizable composition according 

vulcanizing and aoti-oxidizmg agents, a filler to Claim K X X 4 or 5, m which the filler 

70 or fillers and an anti-adhesive agent, said incorporated in the composition consists of a io5 
add hive materials being such as not to non-staining carbon black of the Furnace/' 
contaminate insulating oils with which the "Channel" or % * Thermal type, 
said composition may come into contact or 7. A vuleanizable composition subs tan- 
cause undue deterioration in the dielectric tially as described with reference to the 

75 properties of said crfls> Example hereinbefore mentioned. HO 

2. A vuleanizable composition according 8. Resilient accessory parts such as tubes, 
to Claim I, in which the quantity by weight gloves, packings and rods, for oil-filled or 
of the liquid butadiene-acrylonitrile copo* gas-pressure electric cables, said parts being 
lymer of low molecular weight to that of the manufactured from a vuleanizable compo- 

SO solid bujatiienfr-acryZonitrile copolymer of shlon as claimed in any of the preceding n 5 

normal molecular weight is about 5 to 50 per claims. 

cent, the former percentage giving a degree BLACKBURN & POLLETT, 

of hardness of about 70 Shore and the latter 52* Bedford Row. 

percentage giving a degree of hardness of London, W.C.I. 

83 about 40 Shore of the vulcanfeate. Agents for the Applicants. 
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